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ROBOTIC TRAJECTORY GUIDE 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority to Provisional Application No. 60/195,662, filed 
April 7, 2000. 

BACKGROUND 



Field of the Invention 

This application relates to medical devices. Specifically, but not by way of 
15 limitation, this application relates to inserting medical devices into a patient where the 
trajectory of the medical device is adjustable from a remote location. 

o 

Background 

^ When introducing a primary medical device to the inside of a patient, one type of 

SJ 20 procedure utilizes two additional devices that interact with the primary medical device to 
0^ aid in precision introduction of the primary medical device. The primary medical device 
" includes an active portion attached to a distal end that may include, but is not limited to: 

^ drug delivery capability; a tissue removal instrument such as a laser; an instrument for 
^ attaching an electrode; etc. An introducer is a secondary medical device that may be used 
Q 25 in a surgical procedure to move a primary medical device along an introduction axis, into 



or out of the patient. The introducer may be attached to another secondary medical 
device called a trajectory guide that positions the introducer in the direction of the area to 
be explored in the patient. 

It is important in precision surgical procedures such as neurosurgery that the exact 
30 position of the primary medical device is known in precise relation to the position of 
interest within the body of the patient. For this reason, the relative position of the 
primary medical device is carefully controlled by secondary medical devices such as 
introducers and trajectory guides. The trajectory guide fixes the introduction axis to be 
used by the introducer in three-dimensional space relative to the patient, and the 
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5 introducer controls the position (depth inside the patient) of the primary medical device 
along the introduction axis. 

To ensure that the secondary medical devices are accurately adjusted relative to 
the location of interest inside the patient, the trajectory guide must be fixed relative to a 
patient reference frame. The patient reference frame includes the actual patient, and 
10 other objects or devices that the patient is fixed in relation to. The trajectory guide may 
therefore be fixed directly to the patient in one embodiment. Alternatively, the trajectory 
guide may be fixed to an intermediate object such as a stereotactic headframe or similar 
object attached to an operating table, with the patient being fixed to the operating table. 
For real time imaging, various locating devices may then be attached to the patient 
15 reference frame and to the primary medical device reference frame to determine their 

locations with respect to each other. If retrospective images are being used instead of real 
Q time imaging, then the secondary medical devices may be aligned with respect to 
^ reference points called fiducials that are located on the patient and that are also visible on 
FU the retrospective images. 

U1 

20 In real time imaging, the alignment procedure frequently involves the use of a 

magnetic resonance imaging (MRI) station such as a long bore MR scanner. The MR 

scanner allows the surgeon to locate the area of interest inside the patient, and to plot a 
Q 

^ trajectory towards the area of interest. Other types of tissue imaging such as CT and PET 
P are also available. 

Q 25 Figure 1 shows a ball and socket joint 1 14 that is used to adjust the manual 

trajectory guide 100. A base 1 10 is mounted to a patient using a number of screws 118. 
Once adjusted, an insertion guide 112 is locked in place with a lockring 1 16, thus fixing 
an insertion axis 1 13 in three dimensional space. When a trajectory guide or other 
secondary device is used in conjunction with a long bore MR scanner or similar tissue 
30 imaging device, adjusting the desired trajectory is frequently a lengthy, iterative process. 
This is because the surgeon cannot view the patient and adjust the secondary medical 
devices in "real time." In real time imaging, the patient is inside the MR scanner, and the 
viewing station for the MR scanner is frequently located at a remote location from the 
patient. In order to view the MR image of the patient, the surgeon must be outside the 
35 long bore MR scanner, looking at the display screen. At the same time, in order to adjust 
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5 the secondary medical devices, the surgeon must be near the patient, and not in a position 
to adequately view the display screen. The surgeon typically must remove the patient 
from the bore of the MR scanner, make an educated adjustment, then return the patient to 
the bore of the MR scanner, then return to the MR viewing screen to check on how 
successful the adjustment was. This process can take many iterations. 
10 Although cables or hydraulics could be used to remotely control a secondary 

medical device, the distance of remote operation is limited. Connecting lines such as 
cables or hydraulic lines experience friction effects when the connecting lines become 
sufficiently long. Material compression/tension may also occur over long distances in the 
cables, housings, hydraulic fluid, etc. Forces such as friction and material 
15 compression/tension lead to less accurate adjustment of the secondary device. This effect 
increases as the remote distance between the patient and the surgeon increases. 
Q Cable conmiunication devices are typically also designed to be adjusted manually, 

^ which requires a human operator. In a situation where the surgeon viewing the MR 
ry image is several rooms away from the patient, or even miles away from the patient, a 

m 

20 second local operator is required to adjust the secondary medical device. As discussed 
above, this operator must be relatively near the patient due to less accurate adjustments as 
the operator becomes more remote and the connecting lines become increasingly long. 

Another approach that can be used in conjunction with an MR scanner uses a 
single unit actuator to control the primary medical device. A drawback with this device 
Q 25 is that when used inside an MR scanner environment, the entire device must be 
^ manufactured to be MR compatible. Devices that are used inside the magnet of an MR 
imaging scanner cannot be manufactured using magnetic materials due to their 
interaction with the scanner magnet during operation. Certain non-magnetic metallic 
materials also interfere with the image being taken, and cannot be used. Even if used 
30 outside an MR scanner, the single unit nature of this approach requires the entire device 
to be sterilized between procedures, or disposed of after each use. 

The present inventors have recognized a need for a trajectory guide that can be 
adjusted without removing the patient from an MR scanner between adjustments. What 
is also needed is a trajectory guide that can be operated in such a way as to eliminate the 
35 need for a second surgical operator in addition to the surgeon viewing the MR scanner 
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image. What is also needed is a trajectory guide that minimizes the negative effects of 
friction and material compression associated with excessively long cable driven devices. 
What is also needed is and a trajectory guide that is manufactured to be disposable or 
convenient to sterilize between procedures. 



SUMMARY OF THE INVENTION 

An alignment device is shown that includes a base. The base is mounted to a 
patient reference frame, and may be attached directly to the patient. An insertion guide is 
attached to the base by an adjustable joint. A local adjustment mechanism is attached to 
the adjustable joint such that when actuated, the orientation of the insertion guide is 
adjusted. An actuator is remotely coupled to the local adjustment mechanism, and the 
actuator can be controlled from a remote location. 

In some embodiments, the actuator may be located adjacent to the adjustment 
devices, in other embodiments, the actuator may be located remote from the adjustment 
devices. The actuator may be detachable from the adjustment devices and the trajectory 
guide. The actuator may include electrically powered devices such as an electric motor 
or a stepper motor. 

The alignment device may be part of an alignment system. The system may 
include an imaging device such as a MRI. The alignment device may be attached to a 
control module such as a microcomputer. The control module may obtain some of the 
input information from a first reference device, the reference device being mounted to a 
primary medical device reference frame. The first reference device may include a 
number of light emitting diodes (LEDs), or it may include a number of light reflecting 
point objects. It may also include one or more electrical coils that are influenced by the 
magnetic field in an MRI. It may also include a linear encoder or a potentiometer. 

A second reference device may be included to establish a patient reference frame. 
The patient reference frame may be compared to the primary device reference frame to 
establish the location of the primary medical device relative to the patient. 
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5 Although specific embodiments have been illustrated and described herein, it will 

be appreciated by those skilled in the art that any arrangement which is calculated to 
achieve the same purpose may be substituted for the specific embodiment shown. This 
application is intended to cover any adaptations of variations of the present invention. It 
is to be understood that the above description is intended to be illustrative, and not 

10 restrictive. The scope of the invention includes any other applications in which the above 
structures and fabrication methods are used. The scope of the invention should be 
determined with reference to the appended claims, along with the full scope of 
equivalents to which such claims are entitled. 

15 BRIEF DESCRIPTION OF THE FIGURES 

Q Figure 1 is a perspective view of a common trajectory guide. 

^ Figure 2 is a perspective view of an introduction system. 

HJ Figure 3a is a perspective view of a first trajectory guide. 

^ 20 Figure 3b is a perspective view of one embodiment of a trajectory. 
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Figure 4 is a perspective view of another embodiment of a trajectory guide. 
Figure 5 is an exploded view of a linear slide adjustment device. 
Figure 6a is a schematic diagram of one embodiment of an introduction system. 
Q Figure 6b is a schematic diagram of another embodiment of an introduction system. 
Q 25 Figure 7a is a schematic diagram of another embodiment of an introduction system. 
^ Figure 7b is a schematic diagram of another embodiment of an introduction system. 

Figure 8 is a perspective diagram of vectors used in operation of the trajectory guide. 
Figure 9 is a block diagram outlining operation of the trajectory guide. 

30 DETAILED DESCRIPTION 

Figure 2 shows an example introduction system. The system includes a primary 
medical device 210, an introducer 220 and a trajectory guide 230. An introduction 
system as described can be used for several procedures that require the introduction of a 
35 primary medical device inside a patient. The primary medical device 210 in this 
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5 embodiment is a catheter that includes a proximal end 212 and a distal end 214, with an 
active portion 216 attached to the distal end. The active portion may include, but is not 
limited to: a drug delivery device; a tissue removal instrument such as a laser; an 
instrument for implanting an electrode; etc. 

The introducer 220 shown includes a device holder 222 that moves along a range 
10 of motion on a slide 224. The position of the device holder 222 along the range of 

motion is controlled by a first communication line 226 and a second communication line 
228. In this embodiment, the first and second communication lines 226 and 228 are each 
push-pull Cables that may be used to operate the introducer 220 remotely. 

The trajectory guide 230 shown includes an insertion guide 232. The position of 
15 the insertion guide 232 is controlled by a first interface 234 and a second interface 236. 
In this embodiment, the first and second interface 234 and 236 are rotating shafts that 
Q mechanically adjust an angle of the insertion guide in three dimensional space. The 
^ trajectory guides will be discussed in more detail below. 

nJ Although the introduction system described could be used to introduce a primary 

in 

20 medical device into several areas of a patient, the example discussed involves 
^ neurosurgery. The primary medical device in this example is a catheter that is used to 

probe an internal area of the human brain. The trajectory guide 230 is attached to a 



patient reference frame. The patient reference frame may include a stereotactic 
headframe that the trajectory guide is secured to. In this embodiment, the trajectory 



Q 25 guide 230 is secured directly to the skull using a number of screws. The introducer 220 is 
then secured to a proximal end of the insertion guide 232. The primary medical device 
210 is inserted through the device holder 222, through the insertion guide 232 and into an 
opening in the skull. The angle of the insertion guide, relative to the patient reference 
frame determines an insertion axis. The orientation of this insertion axis is controlled by 
30 the trajectory guide, and the position of the active portion 216 of the primary medical 
device along the insertion axis is controlled by the introducer 220. 

Figures 3a and 3b show a first embodiment of the trajectory guide. The trajectory 
guide 230 includes an insertion guide 32 attached to a base 380 by a ball and socket joint 
382. The insertion guide has an insertion axis 33 along which the primary medical is 
35 guided. Orientation of the insertion guide, and hence the insertion axis, is accomplished 
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5 with a pair of adjustment devices. It should be noted that although in this embodiment, a 
ball and socket joint is used with a pair of adjustment devices, that any of a number of 
joints could be used and any number of adjustment devices could be used without 
departing from the scope of the invention. Additionally, while this embodiment describes 
rotational adjustments in angle of the insertion axis, other embodiments include 

10 adjustments such as translational motion of the insertion axis within three dimensional 
space. 

A first adjustment device includes a first slide 310. The first slide 310 includes a 
block 312 that rides along a pair of rails 314. The block is attached to a first threaded 
member 316. When the first threaded member 316 is actuated, the block 312 is moved 
15 along the rails 3 14 in a first degree of freedom shown by arrows 317. Block 312, 

includes a collar 318 that encompasses the insertion guide 32. The collar 318 is designed 
Q as a ball and socket joint with the block 3 12 so that various angles of the insertion guide 
^ 32 can be accommodated. 

fU A second adjustment device includes a second slide 350. The second slide 350 

U1 

\j 20 includes a pair of rails 352 upon which the entire first slide 310 moves. The first slide 

S 3 10 has a second threaded member 354 attached to it, such that when rotated, the first 
01 

5 slide 310 moves along the rails 352 in a second degree of freedom shown by arrows 355. 

^ The collar 3 18 of the first slide 310 also serves to accommodate angles of adjustment 
Q made with the second slide 350. 

P 25 Further attached to the first threaded member 316 is a first beveled gear 320 that 

^ meshes with a second bevel gear 322. The second bevel gear 322 is attached to a shaft 
324 that in turn is attached to the first interface 234. The second interface 236 is 
connected to the second threaded member 354. 

In operation, rotation of the first interface 234 drives the shaft 324 and rotates the 
30 second bevel gear 322. The second bevel gear 322 engages the first bevel gear 320 

causing the first threaded member 3 16 to thread through the first bevel gear 320. Motion 
of the first threaded 316 member through the first bevel gear 320 in turn moves the block 
312 and changes the angle of the insertion axis 33 in the direction of arrows 317. 
Rotation of the second interface 236 directly drives the second threaded member 354 
35 which moves the first slide 310. Rotation of the second interface 236 therefore adjusts 
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the angle of the insertion axis 33 in the direction of arrows 355. By adjusting a 
combination of the first and second slides 310 and 350, any of a number of orientations 
of the insertion axis 33 can be obtained in three dimensional space. 

Because of the local positioning of adjustment devices such as the first and 
second slide 310 and 350, precise adjustments to the angle of the insertion axis 33 can be 
made with negligible effects from friction, material compression/tension, or hysteresis. 
In contrast, adjustment devices that are remotely coupled to the insertion guide are 
subject to less alignment accuracy due to friction in cables, stretching of cables, or 
hysteresis of the cable once it has been stretched for example. 

A second embodiment of a trajectory guide is shown in Figure 4. An insertion 
guide 412 is shown attached to a base 410 by a ball and socket joint similar to the first 
embodiment. A slide 414 is shown, the slide including a block 416, the block 416 sliding 
along rails 418. A threaded member 420 is attached to the block 416, such that when the 
threaded member is actuated, the block moves in a first degree of freedom indicated by 
arrows 422. Additionally, as in the first embodiment, the block 416 is fitted with a collar 
424 that allows adjustment of the insertion guide 412 through a ball and socket joint. A 
first gear 426 is coupled to the threaded member 420. The first gear 426 is fixed spatially 
on the slide 414, but allowed to rotate. A second gear 428 engages the first gear, and the 
second gear is attached to a first interface 430. 

A worm drive 450 is also shown in Figure 4. The worm drive includes a drive 
gear 451 that is attached to the slide 414. The drive gear 451 is engaged by a worm gear 
452 that is in turn coupled to a second interface 456. When the worm gear 452 is 
actuated, the insertion guide is adjusted in a second degree of freedom as indicated by 
arrows 454. 

In operation, rotation of the first interface 430 drives rotation of the second gear 
428 which in turn engages the first gear 426. The first gear is fixed spatially, but is free 
to rotate. In rotation, the first gear 426 threads the threaded member 420 back and forth 
in the directions according to arrows 422. In turn, this adjusts the orientation of the 
insertion guide 412 in the range of motion indicated by arrows 422. Rotation of the 
second interface 456 drives rotation of the worm gear 452, which in turn engages the 
drive gear 451. Because the drive gear 451 is attached to the slide 414, which is attached 
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5 to the insertion guide 412, rotation of the drive gear 451 adjusts the orientation of the 

insertion guide 412 according to arrows 454. By adjusting a combination of the slide 414 
and the worm drive 450, any of a number of orientations of the insertion guide 412 can be 
obtained in three dimensional space. 

Similar to the first embodiment of the trajectory guide, the local positioning of 
10 adjustment devices such as the slide 414 and the worm drive 450, allows precise 

adjustments to the angle of the insertion guide 412, can be made with negligible effects 
from friction, material compression/tension, or hysteresis. 

Figure 5 shows the slide 414 from Figure 4 in more detail. A slide body 510 is 
shown with a first rail 524 and a second rail 526. A threaded member 528 is inserted 
15 through the slide body 510 and attached to a first block part 520. A first collar part 532 is 
combined with a second collar part 534 to form the collar 424 from Figure 4. A second 
Q block part 522 then is combined with the first block part 520 around the first and second 
^ collar parts 532 and 534. The combination of the block parts and the collar parts forms a 
nJ ball and socket joint which allows the insertion guide 412 to move in various angles. In 
^ 20 this embodiment, the threaded member 528 is not itself rotated, and motion is 
09 accomplished by rotation of the first gear 426. One skilled in the art will recognize that 
g the threaded member 528 can also be threaded into the slide body 510 and rotated to 

Q accomplish motion of the threaded member 528. 



Q 25 Although specific mechanical adjustment devices have been shown in these 

H embodiments, one skilled in the art will recognize that other adjustment devices can be 

used as locally mounted adjustment devices without departing from the scope of the 

invention. 

Figures 6a and 6b show configurations of an introduction system according to the 
30 invention. Two separate rooms are shown, a control room 600 where a tissue imaging 
device such as an MRJ is controlled from, and an operating room 650 where a patient is 
located and where the active tissue imaging device such as an MRI magnet (scanner) is 
located. Other types of tissue imaging such as CT and PET are also possible. The MRI 
control system 614 is shown coupled to a first data transmitter/receiver 610. A control 
35 module such as a microcomputer 616 is also located in the control room 600. The 
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5 control module 616 in one embodiment is integrated within the control system 614. The 
devices in the rooms shown in Figures 6a and 6b are connected by communication lines 
612. Such lines are typically electrically conducting wire, but could be other types of 
communication lines such as fiber optic lines, or the conmiunication could be wireless 
without departing from the scope of the invention. 
10 In Figure 6a, the operating room 650 shows an MRI scanner 650 with a patient 

located inside the scanner 650. A second data transmitter/receiver 652 is shown in 
communication with the first data transmitter/receiver 610. An actuator 654 is shown 
outside the MRI scanner 656, the actuator being in communication with the second data 
transmitter/receiver 652, and in communication with an adjustment device 658. In this 
15 embodiment, the actuator 654 is in communication with the adjustment device 658 
through a mechanical communication line 660. In this embodiment, the mechanical 
communication lines 660 are rotary cables. The adjustment device 658 is a part of the 
trajectory guide as discussed above, which is in turn attached to the patient. 

In operation, the surgeon is located in the control room 600, and is viewing the 
20 scanned image of the patient in the operating room 650. The surgeon is also able to 
85 access the actuator control circuit 616. In real time, the surgeon is able to remotely view 
the patient, and remotely make adjustments to the insertion axis of the trajectory guide. 
A signal for an adjustment is sent from the first data transmitter/receiver 610 to the 
second data transmitter/receiver 652. The received signal is sent to the actuator 654 that 
Q 25 in turn actuates the adjustment device 658. 
N» The actuator 654 in this embodiment might include a electrical motor or another 

electrical actuator. The actuator 654 provides the force necessary to actuate the 
adjustment device, which as shown in this embodiment, mainly translates the force 
provided by the actuator into the desired motion of the insertion guide. An advantage of 
30 this configuration is that because the actuator is not located within the MRI scanner, it 
does not need to be manufactured to be MR compatible. Actuators such as electric 
motors are difficult and expensive to design is such a way as to be MR compatible. 
Additionally, the trajectory guide, with its associated adjustment device 658 can be 
designed to be easily detachable. In this way, the more expensive actuator 654 can be 
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reused, potentially without intensive sterilization, and the trajectory device can be more 
easily sterilized, or alternatively, disposed of after each procedure. 

Figure 6b shows a similar arrangement to Figure 6a, with the exception that the 
actuator from Figure 6a is now located adjacent to the adjustment device. In this 
arrangement, the mechanical communication lines 660 are minimized or eliminated, 
which reduces frictional losses and material compression/tension losses. The actuator 
654 in this configuration is MR compatible. The actuator in this configuration is still 
detachable from the adjustment device. In this way, the trajectory guide may be 
manufactured to be disposable, while the actuator is reused for each procedure. 

The configurations shown in Figure 6a and 6b both have the advantage of 
trajectory guides that are controllable from outside the MR scanner 656. Not only are 
they controllable from outside the MR scanner, they eliminate the need for a second 
surgical operator to make the adjustments to the trajectory guide. Also, when electrical 
signals or digital signals are sent to the actuators, there is a greater accuracy over long 
distances than would be possible with a mechanical signal. Mechanical signals are 
susceptible to the friction losses and material compressions/tensions that have been 
discussed. Electrical signals degrade very little, even over long distances. With the 
configurations in Figures 6a and 6b, not only is it possible to make very accurate 
adjustments from another room such as the control room 600, it is also possible to make 
adjustments from very remote locations through communications lines such as telephone 
lines, or through use of the internet. 

Figures 7a and 7b show the use of the introduction system without the aid of real 
time tissue imaging. Using previously obtained images, the trajectory guide can be 
registered with fiducials located on the patient, the fiducials also being visible in the 
previously obtained images. 

The operating room 700 in Figures 7a and 7b includes an actuator control circuit 
710 such as a microcomputer. An adjustment device 716 from a trajectory guide is again 
attached to the patient. The introduction system, may be configured such that the 
actuator 714 is remote from the adjustment device 716 and connected to the adjustment 
device by mechanical communication lines 712. In this configuration, the weight of the 
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devices directly attached to the patient is minimal, which reduces the need for external 
device support. 

Alternatively in Figure 7b, the actuator 716 is attached adjacent to the adjustment 
device 714, and utilizes optical or electrical communication lines 718. In this 
configuration, the mechanical communication lines 712 are minimized or eliminated, 
which reduces frictional losses and material compression/tension losses. The actuator in 
this configuration is still detachable from the adjustment device, and the adjustment 
device may be manufactured to be disposable, while the actuator is reused for each 
procedure. 

Figure 8 shows one embodiment of a vector schematic diagram used by the 
microcomputer when actuating the adjustment devices to align the insertion guide. The 
skull 800 is shown with a target point T inside the skull. The entry point at the outside of 
the skull is indicated as point B. The insertion axis 830 of the insertion guide is shown 
intersecting point B. In this embodiment, the angle used to image the patient is shown by 
image plane 850. The image plane 850 in this embodiment has a center point C. The 
image in this embodiment is adjusted so that the target point T is at the center of the 
image C. The insertion axis 830 is then adjusted so that it is coUinear with the line TB 
using a process flow according to Figure 9. Although it is advantageous in this 
embodiment to utilize line TB, another embodiment could use only point T, and 
determine when insertion axis 830 intersects point T. 

Figure 9 shows user inputs 900, such as point T and B as indicated in Figure 8. 
Although point B is shown as a user input, this point could also be derived from outside 
electronic inputs. Electronic inputs 910 in this embodiment include the orientation of the 
insertion axis, the relative location of the patient, and the location of the primary medical 
device along the insertion axis. 

Both user inputs 900 and electronic inputs 910 are used as data inputs 920 to 
calculate the insertion axis 830 and the line TB from Figure 8. In stage 930, the software 
of the microcomputer determines whether or not the insertion axis 830 is collinear with 
the line TB. If the they are collinear, then the process is finished at stage 960. If they are 
not collinear, in stage 940, the software calculates the direction and magnitude of moves 
necessary to make the insertion axis 830 collinear with line TB. Then in stage 950, the 
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5 microcomputer sends signals to the actuator or actuators to execute the calculated moves 
from stage 940. After stage 950, the process flow is returned to stage 930 where the 
software again checks whether or not the insertion axis is coUinear with line TB. 

In one embodiment described above, the configuration is a closed loop system. In 
the closed loop system, once a target location has been input into the control module, the 
10 control circuit calculates and adjusts the trajectory without further input from the user. 
The closed loop system is constantly evaluating the condition of the system through a 
feedback loop. Feedback inputs include the orientation/position of the primary and 
secondary medical devices and, in real time imaging, the target location. A closed loop 
system as such, eliminates the need for several manual operator iterative adjustments to 
15 the trajectory guide or other secondary devices. A closed loop system is also capable of 
compensating for any remaining frictional or compression/tension loss effects in the 
Q system. One closed loop configuration makes the necessary adjustments to align the 
^ trajectory guide all at one speed. Another closed loop configuration adjusts the speed of 
the adjustments by slowing down the adjustment speed as the exact alignment/position is 
^ 20 near. Another configuration calculates the moves necessary for alignment, and actuates 
Op the adjustment devices incrementally, waiting for operator input between moves, 
g Although the closed loop system described focuses on alignment of a trajectory 

Q guide, other secondary medical devices may be controlled using the closed loop system, 
Q such as an introducer. In this manner, all orientations and positions of a primary medical 
Q 25 device in a procedure are controlled through the control module. 

. One skilled in the art will recognize that although a microcomputer is described, 

any of a number of varieties of control modules could be used. Additionally, the 
software or algorithm used could be configured in many different embodiments to 
achieve the same goal of aligning the insertion axis 830 with the line TB. 
30 Electronic inputs 910 from Figure 9 can be determined by several methods. 

Software included with the microcomputer may recognize the primary and secondary 
medical devices on the image and, through an algorithm, determine their location. 

Another embodiment includes a first reference device located on the reference 
frame of the primary medical device. The reference device includes a number of light 
35 emitting diodes (LEDs) that are detectable with the imaging device. If three LEDs are 
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used, the three points would determine the orientation of the primary medical device in 
three dimensions. Alternatively, the three points could be light reflecting points, where a 
light source is directed towards the light reflecting points and the reflected light is 
detected to determine an orientation of the primary medical device in three dimensional 
space. 

Another example attaches one or more electrical coils to the primary medical 
device reference frame. In an MRI environment, an electrical coil has a varying electrical 
response depending on its orientation inside the MR scanner. The variations in electrical 
response can be used to indicate an orientation and/or location of the primary medical 
device in three dimensional space. 

Another example attaches an encoder or a potentiometer to the primary medical 
device reference frame. The use of an encoder or potentiometer locates the primary 
medical device along an axis, the orientation of which may have been determined by the 
number of LEDs, reflecting points, or electrical coils described above. 

Additionally, a second reference device could be located in the patient reference 
frame. If two reference devices are used (one attached to the primary medical device 
reference frame, the other attached to the patient reference frame) then the first and 
second reference devices can be used to determine a location of the primary medical 
device relative to the patient. 

Although specific embodiments have been illustrated and described herein, it will 
be appreciated by those skilled in the art that any arrangement which is calculated to 
achieve the same purpose may be substituted for the specific embodiment shown. This 
application is intended to cover any adaptations of variations of the present invention. It 
is to be understood that the above description is intended to be illustrative, and not 
restrictive. The scope of the invention includes any other applications in which the above 
structures and fabrication methods are used. The scope of the invention should be 
determined with reference to the appended claims, along with the full scope of 
equivalents to which such claims are entitled. 



14 



